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Most, if not all, of the recommendations contained in this
State of the Coast Report, relies on two cross-cutting and fundamental qualities. Firstly, managers, decision-and policy-makers and the various end-users have access to the products of scientific research in order to wisely govern and manage the use and exploitation of resources. In this context, data, information and knowledge are the basis for realising the benefit of an Ocean Economy. Secondly, both the management of resources and the underpinning knowledge base relies on the availability of people with the appropriate capability to be responsible custodians of such resources. Accordingly, education, awareness and training offer a long-term solution for the sustainable development of a coastal and ocean economy.
The core objectives of this chapter are first, to help in the understanding of how national and regional research agendas can contribute to a consistent and complete "bigger picture" of data, information and knowledge required to manage the coastal and marine resources of the Western Indian Ocean (WIO), and secondly, present processes that contribute to the regional and national knowledgebase. The first part of the chapter will examine the past, current and future coastal and marine research priorities at various scales and how research has been or is conducted in the region. The second part of the chapter will explore the development of regional capacity for coastal and marine research and how existing research has been supported in the past. The chapter will conclude with successes on how science has contributed to decision-and policy-making in the region.
nAtIOnAl And regIOnAl reseArCH
National research and development (R&D) activities and supporting institutional frameworks in the WIO are not homogenous. Each nation has distinctive R&D characteristics, which are a reflection of the heterogeneity of structures and the concentration of R&D by region, institution, sector and even project (UIS, 2010) . The heterogeneity of the R&D landscape is reflected in the supporting institutional frameworks and directly influences the coastal and marine research landscape.
Despite the differences in how countries structure their research infrastructure and priorities, Davis and Carden (1998) point out three related and common characteristics of developing countries also relevant to the WIO region. They suggest that not only is R&D in many developing countries highly constrained by funding, but also, that resource allocation procedures are sensitive to personal or political affiliations or entitlements. This is often not balanced out by considerations of efficiency, effectiveness, relevance, utility, or excellence. Secondly, they suggest that developing countries depend on international scientific assistance, which has its own frequently changing investment agenda. Finally, Davis and Carden (1998) argue that to be effective, R&D must be part of an "innovation system" or "innovation community", in which active relationships and communication exists between researchers
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and other actors such as intermediaries, coordinating institutions, educators, extension agents and, especially, users.
Research Investment
Socio-economic disparities between WIO states are stark, especially comparing literacy and unemployment rates.
There are also large disparities in key socio-economic indicators that can influence R&D potential such as Gross Domestic Product (GDP), which varies from US$ 592 000 million for South Africa to less than US$ 1 000 million for
Comoros. According to the World Bank (The World Bank, undated) R&D expenditure (per cent of GDP) is defined as the current and capital expenditures (both public and private) on creative work undertaken systematically to increase knowledge, including knowledge of humanity, culture, and society, and the use of knowledge for new applications. R&D covers basic research, applied research, and experimental development. Based on this indicator, less than 1 per cent of GDP is provided to R&D in all of the WIO countries (see Table 35 This does not compare favourably to developed countries which spend between 1.5 and 3 per cent of GDP on R&D.
Encouragingly, Kenya has taken a formal position on the value of R&D for national development by passing into law the Science, Technology and Innovation Act of 2012, which mandates a 2 per cent GDP spend on R&D.
Systems of Innovation
Most countries in the WIO hold some level of institutionalised science, technology and innovation (STI) "system".
These are primarily organised by ministries assigned to manage science and technology. In many cases, there are institutions specifically constituted to facilitate and develop STI. These innovation systems often attempt to create a relationship between national growth and development objectives, and scientific research priorities.
Over and above our understanding of the regional R&D landscape as demonstrated by the examples in Table   35 .2, some general comments can be made relating to countries in the region:
• The extent to which the coastal and marine environment is acknowledged as an important element of national growth and development varies between countries;
• Most countries in the WIO spends less than 1 percent of GDP on R&D activities;
• National science, technology and innovation strategies and institutional frameworks exist in some WIO countries;
• The connectedness between coastal and marine research institutions and the national STI frameworks of the WIO is often weak;
• Coastal and marine research needs are not always clearly expressed within national STI frameworks.
A HIstOry OF mArIne reseArCH And CAPACIty buIldIng In tHe Western IndIAn OCeAn
Despite being regarded as the least studied region of the Indian Ocean, the WIO region has a long history of coastal and marine research and capacity building. Associates of Carl Linnaeus undertook the first known investigation of United States* 2.6 2.6 2.6 2.6 2.7 2.7 2.6 2.6 2.5 2.6 2.7 2.7 2.9 2.9 2.8 2.8 2.7
South Africa 0.6 0.7 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.8
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marine life in the WIO region in the mid-1700s (Richmond 2011). Further investigations followed years later and were undertaken as part of major global exploratory expeditions.
These include expeditions such as H.M.S. Endeavour
(1768-71), H.M.S. Beagle (1831 Beagle ( -1935 and Challenger (1873-76) (Richmond 2011). Since then, scientific cruises and expeditions have continued to be an important means for conducting scientific research, particularly in offshore areas. Importantly, most of the cruises in the region were conducted by foreign countries such as Belgium, Norway, Germany, the Netherlands and United Kingdom. South
Africa is the only country in the region that has organized regional cruises. In the other countries, locally organized cruises have concentrated on waters within national bor-
The focus is on strengthening the higher education and research systems which are considered extremely weak. Does not identify research priorities in any particular area. The concept of identifying or recognising coastal land marine issues with the national system of innovation is weakly developed.
kenya -The National Commission for Science, Technology and Innovation (NACOSTI, undated) has the goal of establishing a strong foundation on science, technology and innovation (STI), with research playing a key role in generating a critical mass of technical and skilled manpower. The Kenya Marine and Fisheries Research Institute is listed as an institution to which the act applies. This institute deals with natural resources, water development, health, and power and communications. Research into the marine and coastal environment features strongly in their mandate, as does environmental and ecological management studies.
The STI policy specifically mentions the need for environmental management in order to provide a clean and safe environment for citizens while also protecting livelihoods.
Mauritius -There are a number of agencies dealing with STI ie Ministry of Industry, Science and Research, Mauritius Research Council, Rajiv Gandhi Science Centre.
Transforming Mauritius into a Knowledge Hub (HRDC 2006)
The concept of identifying or recognising coastal land marine issues with the national system of innovation is weakly developed.
Mozambique -Explicit policy measures are integrated into the Mozambique Strategy for Science, Technology and Innovation, which was proposed by the Ministry of Science and Technology.
Mozambique Strategy for Science, Technology and Innovation (RoMZ 2006) The ability of the Strategy to drive coastal and marine research was difficult to assess but appears to be limited. The concept of identifying or recognising specific coastal land marine issues within the national system of STI is weakly developed. It does not appear to facilitate a process for the expression of national research priorities, and the engagement of research with national research funding instruments appears to be limited.
South Africa -The Department of Science and Technology (DST) is responsible for scientific research in the country and oversees the management of the country's relatively well-developed science system. The key institution, in the context of this strategy, for promoting science, is the National Research Foundation, which is linked to the higher education sector through the National Plan for Higher Education National Research and Development Strategy (RSA 2002) The strategy document does not make any special mention of the biophysical environment or the coastal/ marine environment. The concept of identifying or recognising coastal land marine issues with the national system of innovation is moderately developed.
Tanzania -The Commission for Science and Technology (COSTECH) is a semi-state organization with the responsibility of co-ordinating and promoting research and technology development activities in the country (COSTECH, undated) . It is the chief advisor to the Government on all matters pertaining to science and technology and their application to the socio-economic development of the country. Major national research and development institutes are affiliated to COSTECH.
National Research and Development Policy (URT 2010)
It's quite difficult to discern the relevance of this organisation to coastal and marine environment issues in Tanzania. Very few of the R&D institutions listed on their website deal specifically with the coastal environment (Tanzania Fisheries Research Institute for example) while the majority of them are focused on agriculture and livestock, industry and energy, and medicine and public health.
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ders. Accordingly, most of the marine research conducted in the region to date has encompassed nearshore waters using small vessels that are limited in range and technical capacity. One outcome of this situation is that there is some reasonable understanding of a few of the key habitats and ecosystems close to shore, but the regional knowledge of deep-water habitats and resources is rather limited.
By Within these initiatives, short-courses and training workshops (1-3 weeks), with some longer-term degree courses
(1-4 years) has been a primary vehicle for improving local capacity.
The relationship between science and policy in the region has changed considerably over the years. Traditionally the pipeline mode existed in which scientists set the research agenda, conduct the research, and then transfer the results to potential users. This has evolved into co-production of knowledge under a more modern approach, whereby scientists and decision-makers define the research agenda and on a regular basis scientists provide feedback to the policy community. Whilst the full gains from this transition have not yet been totally appraised or audited (accounted) for, the extent to which this new approach has improved awareness and engagement in marine resource management is reflected by the investments being made in this domain. This change has been possible due to the associated change occurring in the way in which research topics are selected. Historically, research topics were commonly selected to meet academic criteria and most of the times reflected the interests of either students or supervisors with limited or no links to priority resource management questions. In the recent past, and through programmes such as Marine Science for Management (MASMA), through WIOMSA, inter and multi-disciplinary research has been promoted to address urgent societal and resource management issues.
Pre-independence
Prior to the 1960s most countries in the WIO region were under colonial rule. Accordingly, marine and coastal research in these countries was driven by the perspectives of remote decision-makers who relied on reports rather than direct local engagement. Importantly, however, a number of developments which took place during this period are the foundation for some of the institutional capacity currently existing in the region.
The notable pre-independence scientific cruises and expeditions that took place from 1789 to 1960 (described above), were followed by the 20th century expeditions of H.M.S. Mabahiss (1933-34) and the International Indian Ocean Expedition (IIOE) (1959) (1960) (1961) (1962) (1963) (1964) (1965) 
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In addition to oceanic expeditions, this period was also characterised by the establishment of the first initiatives leading to the founding of marine biological stations. These were:
• In addition, there were no universities or colleges in the region offering courses in marine sciences during this period, such that apart from ORI, all of the scientists working in these research stations were foreigners. 
Post-independence to the 1980s

New and Existing Academic and Research
Institutions
The increase in human capacity for marine science research, as well as increasing recognition of the importance of the marine ecosystem goods and services by governments has led to the establishment of new academic and research institutions ( in Arusha, Tanzania (1993) , and the Seychelles (1996) . These events set the stage for coastal management initiatives at local and national levels in the region and successfully initiated dialogue between the scientific community and high-level policy-makers. The programme made modest investments in capacity building in the social sciences, which resulted in notable achievements in this arena. This Programme also facilitated the establishment of WIOMSA and CORDIO.
• The Sida/SAREC Marine Science Bilateral Programme for Tanzania • EU-funded projects. 
reseArCH uPtAke
The use of research outputs by decision-and policy-makers cannot be represented as a linear relationship between supply and demand. How and why science is produced and balanced between national and local needs is influenced by, amongst other things, the availability of funds which may or may not be linked to national and sub-national (provincial, district, local) priorities. Given the significant percentage of the research budget that comes into the WIO from external sources, and not national budgets, research agendas may sometimes not be well harmonised with national or sub-national needs. In the WIO, lack of clearly expressed national research priorities for marine and coastal management is an important factor that limits the potential to improve this alignment need and, accordingly, the applicability of research for management, decision and policy to agree to stop the practise after being presented with the project's results (Robinson and others, 2007) . The main barriers between scientific and policy-making/management communities in the region include:
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• A paucity of relevant and timely research, coupled with a willingness and concomitant capacity of decisionmakers to use it are important factors. An inadequate knowledge-base and the lack of an evidence-based management culture, technical capacity and funding are also important barriers ensuing from this.
• Several countries lack mechanisms and institutions to promote science-based management and decision-mak- • Overall levels of funding for research and knowledge generation remain inadequate. This may be related to a continued lack of recognition of the socio-economic significance of marine and coastal issues in national systems of science and innovation, including research councils or their equivalent.
• Research in the countries in the WIO region for long periods has been dependent on donor funding. Donor funding, while valuable, does not promote an overall national research portfolio geared towards addressing national research priorities. Accordingly, whilst providing critical support and often strong catalytic inputs, donorfunded research contributions often do not fill research gaps since they are driven by donor priorities rather than specific national goals and needs.
• Local management authorities face many capacity challenges, which result from inadequate funding, a lack of suitably skilled staff, management tools and technical knowledge. The use of science and its products are particularly weak under these conditions.
• Many researchers and scientists do not understand nor engage with policy-making processes, which contribute to a disconnection between the scientific and policymaking communities. Scientists often conceive the link between science and policy as a one-way flow of information in which scientists convey scientific 'truth' to drive the VII . Scenarios, policy options and capacity building development of policy. Scientist often fail to appreciate the fact that research products, no matter how well-developed and tested, can often not be incorporated directly into decision-making without the inclusion of political, economic or social realities. Similarly, the outputs provided by scientists are often in a form that is not readily assimilated by decision-makers.
• Conversely, policy-makers expect science to provide definite answers and a full cost-benefit analysis of the implications of decisions. They also often assume that scientists fully understand and describe complex problems.
These may be outdated ways of thinking about science and policy but they remain common.
• A greater emphasis on co-design of trans-disciplinary projects by stakeholder including scientists, managers and civil society, and the growing importance of the contribution of all stakeholders to the scientific process (co-production of knowledge) is not fully realised or practised in the region.
reseArCH PrIOrItIes And CAPACIty needs
The Common priorities and coordinated research efforts could also attract funding from outside the region, especially where synergistic partnerships can be developed and coinvestment can be leveraged. The sections below briefly consider some current global and regional research priorities. In most cases, these are embraced in reports or programmes that identify priority themes which are then translated into action.
Global and regional research priorities
On a global scale, the Global Biodiversity Outlook (CBD 2014) reported on progress in meeting the Aichi Biodiversity Targets; achieving the 2050 Vision on 'Living in Harmony with Nature'; and on the importance of biodiversity in meeting broader goals for sustainable human development during this century. The Outlook identified a number of strategic goals aimed to achieve the objectives stated above. Most of the goals can be further refined for the global coastal and marine environment. The strategic goals were to:
• Address the underlying causes of biodiversity loss by mainstreaming biodiversity issues in governance processes;
Reduce the direct pressures on biodiversity and promote sustainable use;
• Improve the protection of biodiversity by safeguarding ecosystems, species and genetic diversity;
• Enhance the benefits of biodiversity and ecosystem services to all; and • Enhance implementation of biodiversity protection through participatory planning, knowledge management and capacity-building.
Similarly, the WWF published a Living Planet Report (WWF International 2014) which identified priorities to achieve sustainable use of the planet's resources. These priorities were:
• Equitable Resource Governance -Share the available resources, make fair and ecologically informed choices, measure success beyond GDP.
• Redirect Financial Flows -Value nature, account for environmental and social costs, support and reward conservation, sustainable resource management and innovation.
• Consume More Wisely -Through low-footprint lifestyles, sustainable energy use and healthier food consumption patterns.
• Produce Better -Reduce inputs and waste, manage resources sustainably, scale-up renewable energy production.
• Preserve Natural Capital -Restore damaged ecosystems, halt the loss of priority habitats, and significantly expand protected areas. • Advancing vulnerability reduction and adaptation solutions;
• Developing more inclusive cost estimates and prioritization criteria; and,
• Enhancing communication and stakeholder/public participation.
PROVIA has also identified key systems that need attention namely: food, water, ecosystems, energy, infrastructure and the built environment. Some of the emerging topics identified by the report include impacts of geo-engineering; legal principles and the role of law; foodwater-energy-security; participatory processes for climate change mitigation and adaptation scenarios; decision theory; risk perception, climate knowledge and behaviour;
governance, collaborative frameworks and networks; and long-term planning and design.
Coastal and marine research priorities
In recognition of threats to global sustainability of human activities in the ocean and coastal environment, IOC/ UNESCO, IMO, FAO, UNDP (2011) has identified the following problems as being the priority concerns:
• Unsustainable fishing;
• Climate change and ocean acidification;
• Pollution and waste; and is of direct interest to the coastal and marine environment. In this, it is contended that assets that rely on a healthy ocean environment generate more than two thirds of the annual base economic value of the ocean. As a result of a decline in the state of these assets, the associated economic activities are faltering and not delivering to their full potential. There is, however, a growing need for food and resources from the ocean. The report identified eight actions to secure our ocean assets and restore the ocean economy:
• Ensure that ocean recovery features strongly in the UN Post-2015 Agenda, including the Sustainable Development Goals;
• Take global action to avoid dangerous climate change and further damage to the ocean;
• Conserve and effectively manage 10 per cent of representative coastal and marine areas by 2020, increasing coverage to 30 per cent by 2030;
• Rebuild fish stocks to ecologically sustainable harvest levels;
• Drive new global cooperation and investment in the ocean;
• Reinvent public/private partnerships;
• Build transparent accounting of the value of ocean assets to improve decision-making; and
• Share knowledge more effectively and drive institutional collaboration.
Finally, the UNEP Coastal and Marine Strategy (2011) provided some clear directives on coastal and marine actions (UNEP 2011) relevant to the need for scientific products in support of management, decision-and policymaking:
• Land-Ocean Connections: to integrate the management of coastal watersheds, the coastal area (including cities) and the marine environment to optimise the ecosystem services and resilience of marine and coastal systems.
Meeting this objective will address the issue of degraded water quality in coastal water due to land-based activities.
• Ecosystems for Human Well-being: to identify, assess and value the status and key drivers of change in marine and coastal ecosystems, their services and their link to
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human well-being. The need for a better understanding of ecosystem services and their value will be addressed to meet this objective.
• Reconciling Use and Conservation: to ensure that appropriate governance frameworks, management tools, capacity and options are available for regions, countries, communities and the private sector, to effectively engage in the sustainable management of marine and coastal ecosystems, including reconciling competing uses.
• Vulnerable People and Places: to strengthen the ecological, economic and social security of vulnerable communities and places, including SIDS, to adapt and respond to natural disasters and climate change, by enhancing the resilience of marine and coastal ecosystems and social capital, and improving access and benefit sharing. Meeting this objective will help to address issues specific to SIDS, coral reefs, seamounts and other sensitive marine ecosystems.
develOPment OF CAPACIty FOr reseArCH
The National Research Council (NRC) of the National At this level, and in view of the findings presented in previous sections of this chapter, some relevant capacitybuilding interventions are needed, aimed at management authorities. These include:
• Reinforcing the capacity of decision-makers to formulate policy and associated research needs through forward-looking methodologies such as envisioning future scenarios. These involve considering how emerging trends and developments might affect policy and practice. Policy-makers need to understand current and future drivers of change and plan accordingly, identifying and prioritizing research issues that will address emerging challenges.
• Enhancing mutual understanding of how scientific and management communities operate through specific training to address some prevailing misconceptions. Another way to enhance mutual understanding would be to promote secondment of managers to research institutions and scientists to management authorities for "job-shadowing".
Coastal and marine research and capacity building
Capacity-building strategies to overcome barriers to effective integration of science Overcoming the barriers to effective integration of science into decision-making and management processes cannot be achieved through capacity building alone. There are, however, a number of additional strategies that would strengthen the link between science and marine and coastal management. These include:
• Support for knowledge brokerage in boundary organisations. These could identify, review and synthesise all available scientific information relevant for a particular policy or management issue and effectively interact with decision-makers.
• Compile project-level lessons-learned that link science and policy and management, highlighting successes.
• Support projects that combine research and demonstration or implementation activities. There are successful cases in the WIO that will yield useful lessons such as the • Writing workshops. WIOMSA, through its MASMA Programme, has been providing grants for writing workshops. Specifically, these workshops seek to assist participants to attain a level of scientific and grant writing that can compete on a global scale for grants and publications. In these workshops, participants are asked to bring their own data with the aim of synthesizing information from multidisciplinary projects as well as information from relevant projects supported by other partners, leading to publications in peer-reviewed journals or books or policy briefs.
Writing workshops have become a common feature of most of the MASMA-funded projects. They have provided opportunities to brainstorm on key research results, as well as for capacity building amongst emerging scientists in terms of approaches to data analysis, information synthesis and access, and the best methods for the dissemination of information and results.
• Practitioner Short Courses. These include broad- 
Capacity Building and Training
• Nearshore and coastal monitoring programmes developed R/v Dr. Fridtjof Nansen, one of the vessels used during the ASCLME-coordinated cruises. © EAF-Nansen project. • Tertiary education leading to BSc, MSc and Phds has been accomplished by course work (for BSc) and via other mechanisms such as training abroad through scholarships programmes offered by various international organizations such as Sida, CIDA, NORAD, AusAid, Commonwealth, GTZ, Belgium and JICA, and 'sandwich' programmes, whereby students spend the majority of their time in their home countries working on a locally relevant research problem. There are two modes of training under such arrangements. In the first, candidates are registered at overseas universities and attend courses, undertake data analysis and thesis write-up at that university, while in the second mode, the candidate is registered at a regional university and part of the data analysis and thesis write-up takes place at an overseas university.
Coastal and marine research and capacity building
• Increasing accessibility of research results through organisation of the conferences and scientific symposia.
• The development of training materials and guides such as the WIO MPA Toolkit (IUCN 2004 ). This type of initiative aims to produce appropriately designed and relevant technical information, methodologies, guidelines and training to underpin best practise in one or more natural resource management areas.
COnClusIOn
The WIO region has, over the years, built capacity for coastal and marine research and it is reasonable to state that increasing the pool of coastal and marine data, information and knowledge (scientific evidence) has resulted in an improvement of management of the coastal and marine 
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poral and spatial applicability. Concomitantly, in a space as complex as the coastal and marine environment, scientific data is not the only informant of decision-making and this perspective warrants development among researchers and research organisations alike. The task of connecting or coproducing scientific knowledge with users is not an automatic process and there needs to be a concerted effort to own the problem of producing usable science in the WIO.
The WIO encompasses a wealth of research and management institutions and agencies and yet, the overall human capacity in the region is still not consummate to the needs of addressing the complex and multidisciplinary issues in the coastal and marine environments it is comprised of. This is a result of amongst others, inadequate financial and human resources resulting from the low percentage funding for R&D in relation to GDPs of most countries, and insufficient investment in education and training, inadequate knowledge and awareness arising from factors such as lack of or inadequate regulations, and a lack of legal expertise. Generally speaking, the interactions between science, policy and management in the WIO take place in a context of limited, and often inadequate human capacity, including inadequate governance capacity, research capacity and capacity for fulfilling financial, operational and human resource functions.
Investment and innovative approaches to building human capacity development remains a top priority for countries in the WIO. Opposite page: Will the marine resources these girls collect in the tidal flats near Ulo village, north Mozambique, be available in the future for food security or will they benefit from economic development and depend on modern amenities instead? © José Paula. 
IntrOduCtIOn
Assessment OF bIOdIversIty
The WIO countries have, in general, low income, and con- The term ''biodiversity'' is used here in its holistic scientific meaning, ie, including all levels of organization of life, from genes and populations to species, habitats, ecosystems and ecoregions.
Drivers of change
Drivers of change include those that affect oceans at a planetary scale, namely global change driven by climatic alterations due mainly anthropogenic forcing, but also local drivers related to human development and emerging activities. Global change main effects include (see Chapters 14, 15 and 17):
• Increased extreme events, such as storms and cyclones, affecting physically the coastal zone by erosion, sedimentation and destruction of habitats, but also through alteration of precipitation patterns leading to flood and drought events. Behaviour of river catchments in relation to these pressures will produce changes in sediment loads and estuarine discharges to the ocean.
• Sea level rise is considered to affect the WIO region in the mid term, with consequences to habitats by submersion and erosion, especially in low lying intertidal areas like tidal flats, mangrove forests and salt marshes. Additionally, sea level puts at risk the integrity of human settlements at the coast.
• Temperature rise, mainly SST, affects directly the biology of key organisms such as corals that are prone to bleaching. On the longer term, ocean warming will alter the distribution of organisms and will impact of species local extinctions and replacement, with unforeseen consequences for ecological patterns and resource availability.
• Ocean circulation may be altered, namely patterns of currents at mesoscales. This will affect dispersal of organisms and distribution of primary productivity, affecting biomass and biological communities. These shifts may not necessarily decrease productivity and biodiversity at a WIO region scale, but will certainly displace resources and affect the geography of traditional living resource extraction activities.
• Changes in sediment dynamics can occur via extreme events, as well as changes to coastal currents and sediment loads from river basins, affecting patterns of sedimentation and erosion in the coastal zone.
• Acidification is a consequence of the increasing • Population growth within the coastal zone, by either migration or high growth rates, impacts on urbanization and land reclamation, but also on pollution discharges and pressure over natural resources.
• Poverty and inequality, leading to widespread uncontrolled resource extraction.
• Inadequate governance, such as limited efforts for regulating and especially enforcing measures to avoid and mitigate impacts from human activities.
• Lack of education and awareness on coastal and marine issues is a widespread problem in the region, leading to a low appreciation of the natural environment, as well as low levels of community participatory actions and weak demand for civil rights.
Land based activities are a major source of pressure on species and ecosystems, and affect in particular the bOx 36.1.
THE OCEAN OR BLUE ECONOMy by Louis Celliers
UNEP defines a green economy as one that results in "improved human well-being and social equity, while significantly reducing environmental risks and ecological scarcities" More recently, WWF International estimated the economic value of the oceans, measured as "gross marine product"
(GMP) -equivalent to a country's annual gross domestic product, to be at least US$ 2.5 trillion. They estimated the total "asset" base of the ocean to be at least US$ 24 trillion (Hoegh-Guldberg and others, 2015) . These values are underpinned by direct outputs (fishing, aquaculture), services enabled (tourism, education), trade and transportation (coastal and oceanic shipping) and adjacent benefits (carbon sequestration, biotechnology).
Integrated holist approach underlining ecosystem approaches for developing countries with economies directly related to environmental exploitation, Source: UNEP Blue Economy Concept Paper. 
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aquatic interfaces of estuarine and lagoon character that are dependent on river basins. In particular (see Chapter 29):
• Changes in river catchments are increasing with economic development, namely damming for clean energy source and water subtraction for consumption and agriculture, with consequences for normal flood regimes and sediment transport, and potentially leading to salt intrusion processes near the coast.
• Changes in land use, namely reclamation of large portions of ecosystems such as mangroves and salt marshes for construction, aquaculture and salt ponds.
• Agricultural practices enhance nutrient load in rivers and estuaries, and provoke increased soil erosion.
Pressures on marine ecosystems and species
Direct pressures on marine ecosystems and species arise from human activities and include a wide range of sources that affect the environment in multiple and synergistic ways. These include:
• Land conversion diminishes the available ecosystem cover and associated biodiversity and resources (see Chapters 27-29).
• Coastal development leading to land reclamation and increasing overall impacts (see Chapter 29).
• Pollution arises from multiple sources and can be 
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• Marine litter poses additional problems to many species by clogging feeding and respiratory biological systems, and by secondarily contaminating water (see Chapter 25).
• Tourism pressure, dependent on pristine ecosystems, has frequently a negative feedback by decreasing conditions that lead to tourism development in the first place (see Chapter 28).
• Increasing oil and gas exploration constitutes a developing threat to marine ecosystems. While creating significant economic opportunities it poses high risks for environmental contamination during both regular operations and in case of accidental spills (see Chapter 26).
• Resource overexploitation is evident for some resources in the WIO region (see Chapters 20 and 21).
• Destructive fishing practices impact on species and ecosystems, such as beach seining with destruction of seagrass beds, small-mesh seine nets affecting juvenile stages of resources, poison and dynamite used in coral reefs, and by-catch and incidental catches in semi-industrial and industrial fisheries (see Chapters 20 and 21).
The drivers of change will give rise to structural and functional anomalies within natural systems, creating situations that increase stress on the quality of ecosystems and bio-ecological patterns. In particular, the following processes may occur:
• Changes in water quality, affecting natural biogeochemical processes, primary productivity and tolerance of species.
• Shoreline erosion and sedimentation will alter natural patterns, creating artificial dynamics of sedimentary ecological processes.
• Terrigenous sedimentation affects different types of organisms, especially corals and filter-feeding species.
• Pollutants are trapped in seabed sediments, such as organic pesticides from agriculture and heavy metals from industrial waste, and can be released and contaminate trophic networks.
• Invasive species, via transport in ballast water or via immigration due to global climate change, pose additional threats to local species and ecological processes.
• Microbial contamination is a further threat to the health of ecosystems and their species, but also a risk to human health.
• Removal of grazers can provoke ecological disruptions and induce the overgrowth of opportunistic species.
• Trophic cascades are processes that affect whole trophic networks, reaching their top organisms, frequently those that represent food security resources. An example being nutrient enhancement leading to red tides that impact filter-feeders consumed by humans.
• Phase shifts are states of ecosystems in which the dominant structuring species change, with long-term effects, such as the case of substitution of corals by opportunistic algae following extreme bleaching, with concomitant erosion and decrease of habitat complexity that supports high biodiversity levels.
State and trends of the marine environment
In general, the WIO region has relatively pristine coastal and marine ecosystems, mainly due to the current low levels of industrialization and economic development. However, these conditions may be rapidly changing, as GDP is increasing and emergent activities will likely induce the much-needed economic development for the region. The benefits of development and adoption of Blue Economies will pose additional threats to ecosystems and species, and risk negative feedbacks on environmental quality and traditional living resources. It can be summarized that:
• Threats from pollution and other direct anthropogenic pressures are less severe than in other parts of the world, but this current state is changing rapidly with development trends.
• Overall the marine ecosystems present high levels of quality and associated biodiversity.
• Nevertheless the WIO region has several species listed as vulnerable and threatened by CITES, namely 126
Vulnerable, 27 Endangered and 8 Critically Endangered.
Impacts on the marine environment and related livelihoods
Impacts on the marine environment in the WIO region can be categorized as environmental impacts (affecting species and ecosystems) and human impacts (affecting economic and social features). The main environmental impacts may be summarized as follows:
• A degree of habitat degradation is evident at the global scale, the best example being the bleaching phenomena in coral reefs, albeit of worldwide character. At local scales, severe habitat degradation is mainly found in peri-urban ecosystems and affecting their highly utilized natural resources.
• Alteration of natural biological community structure is expected from multiple impacts that affect abundance and diversity.
Overall assessment of the state of the coast in the western Indian Ocean
• Loss of biodiversity results from multiple causes, global and local, and extinctions can be related to climate change or local degradation pressures.
• Loss of protection is evident at the coastal zone, where ecosystems like mangrove forests protect coastal land from storm surges or tsunamis, and contribute to coastal stability. Seagrass beds and dune vegetation also contribute to the latter. The loss of habitats such as mangroves and seagrasses reduces nursery function areas for resources like fish and shrimp.
• Degradation will ultimately lead to reduction of resource biomass, and, together with overexploitation, can disrupt traditional artisanal and industrial fisheries.
• In particular coral bleaching is a strong impact that puts at risk the highly diverse and productive reef ecosystems.
• Degradation of coral reefs, also driven by other nonglobal pressures such as trampling and overexploitation, leads to loss of coral functional richness and cover.
• Pressures on the neritic waters (from marine litter and incidental fishing) and coastal urbanization provoke decline in turtle nesting on sandy shores, putting at risk these vulnerable animals.
Society responses
Adaptation to global change and mitigation of its effects is of major importance for the years to come. The effects of the global drivers act synergistically with the local drivers of change, which society must minimize and mitigate.
Responses to these increasing challenges must be addressed in multiple actions that cross sectors and specific activities. First, social approaches must be targeted through society responses. Secondly, governance structures must fulfil their role and develop adequate political and regulatory mechanisms. Thirdly, research must be strengthened and adequate communication with interested parties established, to transmit messages in the appropriate formats for each group of stakeholders. Civil society must be engaged in actions that will promote awareness. Regarding social responses, expected targets are:
• Economic empowerment of society at all levels that leads to human well-being, as a fundamental step for awareness and positive environmental attitudes.
• The alleviation of pressure on resources and the ecosystems where they thrive are related to livelihood diversification.
• Education and awareness are the basic frameworks for civil engagement on environmental issues, namely conservation and sustainable exploitation of resources.
• Population control is also considered as a target for sustainable development, by better regulation of human migrations and social interventions.
Managing environmental issues involves strong governance at all levels, from policies to enforcement. The following actions are necessary:
• Ratification of global conventions and regional agreements, to engage in worldwide efforts and promote transboundary management mechanisms.
• Establishment of strong national environmental policies and sectorial regulations to tackle marine issues.
• Create appropriate and effective law enforcement for regulations and practices.
• Establish adequate networks of conservation that comply with the targets of CBD by 2020 (10 per cent of protection), and this way protect sensitive systems and establish potential spill over areas.
• Strengthen Integrated Coastal Zone Management.
There is a consistent view that research in the coastal and marine environment has to be increased in the WIO region. Fundamental research creates the basis for the development of applied knowledge, that can address current challenges but also build up new opportunities in the framework of Blue Economy. Some of the actions that could be promoted include:
• Identification of sensitive and ecologically important areas that should be viewed and protected as hotspots for biodiversity at all levels.
• Promote knowledge for the restoration of degraded habitats to enhance ecological functions and maintain or decrease trends of biodiversity loss.
• Afforestation is a good example where community engagement in conservation efforts is producing promising results, such as mangrove forest plantations.
• Establishment of task forces within the scientific and civil society to address specific challenges, such as the existing Coral Reef Task Force and the WIO Mangrove Network.
• Create and maintain monitoring programmes for observing trends and link to research and management.
• Increase efficiency by making capacity building in necessary fields such as research, management, law enforcement and awareness promotion. • Promote awareness at various levels (resource users and managers, the public, politicians and authorities) regarding the value and vulnerability of the WIO's natural marine capital.
• Increase funding for research, to create the knowledge needed for a greater understanding of WIO coastal and marine ecosystems and resources and consequently their improved management.
• Increase investigation of shelf sediments and deep sea phenomena, the major gaps in the WIO region.
• Increased funding for marine resource management.
• Increase capacity building to promote regional skills and expertise on threatened species and their protection.
• Establish WIO Threatened Species Task Forces as a means to mobilise capacity to deal with threatened or declining marine species and habitats, or those in need of special attention or protection.
• Promote National and Regional integration and cross-sectorial linkages to facilitate and provide a more coherent approach to the management of transboundary resources.
• Promote alternative livelihoods.
• Search for alternative food sources/equivalents to alleviate overfishing.
• Promote value-adding and technological transfer regarding new products.
• Monitor the harvest of vulnerable species.
• Establish MPAs and closure mechanisms, promoting community participation.
• Prioritize areas for protection, in terms of suitability, size and spacing.
• Identification of areas of resilience, where special protection should be granted.
• Promote community-based habitat restoration and rehabilitation.
• Promote sustainable use of coastal and marine resources.
• Strive for compliance with CBD biodiversity protection targets by 2020.
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Ocean along 20°S (which includes the southwestern Indian Ocean), anthropogenic CO 2 storage over an 8-year period (between 1995-2003/2004 ) is reported to have increased at an average rate of 7.1 mol m -2 (Murata and others, 2010), almost two times higher than that reported during the previous decade (Sabine and others, 1999) .
Over the last three decades, both the mean and maximum speeds of the monsoon winds have generally strengthened in some parts of the region such as in Tanzania (Mahongo and others, 2012) , however it is not excluded that these changes could be derived from natural climatic cycles. Webster and others (2005) 
Responses:
• Reduction of inputs of raw domestic and industrial wastewater into the ocean, by treating the water at source to reduce contaminants and nutrients.
• Initiation of HAB monitoring programmes.
• Conduct sustainable aquaculture in which the effluent water is treated before being released.
Conduct research to understand better the impact of variation in primary production on the wellbeing of coastal communities. There is inadequate literature relating to the variation or trends of primary production to the environmental, social and economic implications to the societies of the WIO region. There is an expanding pool of knowledge about carbonate producers in WIO waters and the few studies available provide a glimpse into the critical role that these organisms play in a world of increasing carbon (Kangwe and others, 2012, Semesi 2009 ). Inferences can be made from the experimental work by Doney and others (2009) , that show that due to the highly diverse marine flora and fauna that characterizes the WIO region, the responses to increased acidification and eutrophication of the ocean will vary, with some species expected to be resilient to these changes.
Responses: Regional land-use management is frequently more important than mediating climate change (Maina and others, 2013) . There is a need for focused studies that track impacts through food webs, to understand the specific responses of the carbonate producers. As described by General recommendations regarding ecosystem services other then provisioning (these recommendations derive from the assessment under Part IV, and are detailed in the summary Chapter 19).
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• Promote holistic ecosystem services valuation, as these are often ignored in management planning.
• Adopt Blue Economy approach principles, to minimize environmental impacts of new developments.
• Adopt knowledge integration, namely traditional management systems with modern approaches, and its recognition in Law.
• Invest in research to address knowledge gaps, namely valuation of services, trends, status of traditional management, and drivers of change and vulnerability and mitigation.
• Promote environmental awareness. VIII . Overall assessment culture has not really been successful, and is presently limited to scattered prawn, fish and seaweed farming operations (Ribeiro 2007 General recommendations regarding food security from marine resources (these recommendations derive from the assessment under Part V, and are detailed in the summary Chapter 24).
VIII . Overall assessment
• Appropriate control should be acquired by authorities throughout the WIO region to address overfishing of marine resources; especially numbers of fishers, methods used, and harvest quantities.
• Governance and economic conditions should be developed to expand coastal fisheries into deeper waters, frequently tabled as an option to increase harvests from the sea.
• Effective management plans should be developed to include the majority of species and fisheries.
• More basic data is required to describe distribution patterns, biological characteristics and reference points, stock status, and the effects of fishing.
• Strengthen the linkage between science and management to pass messages from stock status, or to provide solutions to recent or longstanding management issues often not prioritized.
• Increase monitoring, control and surveillance (MCS) capacity, making enforcement of national and international laws and regulations more effective in most WIO countries.
• Promote co-management of artisanal fisheries, through Beach Management Units (BMUs) empowered to manage fisheries in specific areas on behalf of fisheries departments.
• Promote awareness and implementation of an ecosystem approach to fisheries management (EAF).
• Promote the use of ecological indicators for evaluating and comparing the status of exploited marine ecosystems.
• Promote cooperative transboundary fish stock management in the WIO.
• Promote capacity-development initiatives for the scarcity of skilled manpower (namely fisheries researchers, scientific observers, fisheries managers, surveillance technologists, hatchery and grow-out system operators) in the region.
• Encourage mariculture as an alternative activity to generate fish protein and wealth.
• A more integrated approach to mariculture is required.
• Promote empowerment of women in culture and business aspects of mariculture. 
Assessment OF OtHer HumAn ACtIvItIes
VIII . Overall assessment
Tourism and recreation
Coastal areas display high aesthetical value and offer numerous opportunities for generalised tourism and recreation (Beatley and others, 1994) , while the open ocean also offers many opportunities for more specialised tourism and recreational activities (sports fishing, whale and dolphin watching and cruises). Tourism also pressures the natural marine environment, nevertheless, the economic benefits of tourism and recreation in generating employment, local income and foreign exchange is of major importance to economies, specially for those with restricted export goods or low sources of income. The WIO region has a variety of high quality physical, environmental and cultural features that serve to attract the tourism industry which should be a viable option for contributing to socio-economic development. The development of this sector is, however, directly and indirectly linked to the state of the coast and the marine environment, in myriad ways. General recommendations regarding other human activities (these recommendations derive from the assessment under Part VI, and are detailed in the integrative Chapter 31).
• Increase the knowledge about the resources, the environment, the people using and exploiting such resources, and the way in which they are governed.
• Understanding the value of ecosystem services and how it is influenced by environmental change.
• Promote equitable access to and benefit sharing of coastal and marine resources, preferably entrenched in all national policy and legislation.
• Promote the understanding and management of hazards, vulnerability and risk.
• Develop mechanisms and tools for the capture, exploration and archiving of data, information and knowledge.
• Develop planning tools and mechanisms for the management of coastal land-use and conversion at all scales (regional, national and sub-national) and human activities and their usage and exploitation of resources.
• Emphasize the production of spatial data that enables usage of scientific products for marine planning and other similar mechanisms.
• Establish relevant legal frameworks that enable rather than frustrate efforts to develop environmental management solutions for sustainable development.
• Prioritize integrated coastal management (ICM) for the management of coastal areas and associated human activities. 
The CWS scenario
Under this scenario, governance frameworks remain neglected due to inadequate action, and, consequently, degradation trends related to the coastal and marine environment of the WIO remain. Inevitably, the decline in capture fish production and biodiversity loss is expected to continue. Damage to habitats such as coral reefs will extend to fish resources, and further affect ecotourism and associated livelihoods, while the reduction in critical coastal habitats may reduce coastal protection from storms with potential associated erosion and coastal damage risks. The diversity of nearshore habitats (including beaches, rocky shores, muddy shores and mangroves, coral reefs and seagrass beds) will continue to diminish due to impacts from climate change, alteration of nearshore geomorphology and unsustainable coastal land-use. Non-compliance with regulations and inappropriate fisheries methods continue to be major causes of habitat degradation accompanied by the decrease in stocks of living resources. In addition to other human activities, such as continued mining and exploration, sand harvesting, trawl fishing and infrastructure developments, such as cities, ports and oil rigs, the projected exponential increase in population will challenge biodiversity conservation from species to ecosystem levels. Concomitantly, the risks of pollution, resulting from operational activities and accidents, as well as translocation of invasive alien species through ballast water and hull-fouling, will remain.
The SWS scenario
The value of healthy, critical, coastal and marine habitats is secured through the development of tools and methodologies to support their sustainable management, and restoration of critical coastal and marine habitats is achieved. 
The way forward
The use of the scenario framework must be adaptive and respond accordingly to new challenges, opportunities or threats that undoubtedly will emerge. The Nairobi Convention, through its management and policy platforms, can promote the scenario frameworks for engagement between actors, as a basis for decision-making and as tools for planning and environmental monitoring. Scenarios can be used for the creation of options for policy and management, for effectively managing the coasts and oceans, for promoting adaptive management, but also for monitoring programmes to assist in refining scenarios to respond to observed change in trends.
Governance and policy options
The governments of the WIO region are Parties to the Nai- 
Research and capacity-building
Coastal and marine research in the WIO is limited when compared to more developed regions of the world, however the past twenty years have witnessed a significant increase in regional capacities and scientific output. This has created not only more, but also better, knowledge that progressively improves management of the coastal and marine environment. Data generated by local capacity is more likely to provide adequate data for adapted management to regional and local socio-ecological needs. Nevertheless, research agendas from United Nations agencies and international NGOs (such as WWF) are contributing to the establishment of regional research targets and promoting capacity-building in key sectors and disciplines that are relevant for a sound understanding of the marine and coastal environment in the region.
Among the many socioeconomic and institutional factors that constrain capacity in the WIO region are limited financial and human resources, low investment in education and training, inadequate knowledge and awareness and lack of legal expertise. Investment and innovative approaches to building human capacity development remains a top priority for countries in the WIO. Communicating scientific results to government remains a challenge.
There is a widespread perception that decision-makers often do not understand the limits of scientific data, nor how to use it to address practical applicability for management and governance framework agendas.
OverAll COnClusIOns
The WIO region has unique characteristics of high biodiversity, both in terms of species and ecosystems, which 
